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ABSTRACT 
The Hawaii Natural Energy Institute of the 
University of Hawaii at Manoa has planned and is 
currently implementing a program designed to 
confirm and stimulate geothermal resources 
development in Hawaii. The program involves the 
drilling of approximately six 4,000 foot 
scientific observation core holes on the Big 
Island of Hawaii and Maui, reservoir analysis 
research utilizing small diameter observation 
holes, and the expansion of the research 
capabilities at the Puna Geothermal Research 
Center. Funding of $3.25 million is provided by 
the State of Hawaii under the supervision of the 
Department of Business and Economic Development. 
Private developers of geothermal resources on 
Hawaii and other private sector sources are 
expected to raise an additional $5 million for 
reservoir analysis research and the drilling of 
two geothermal production wells. The program is 
expected to begin during the fall of 1988 and to 
be completed by mid 1990. 
INTRODUCTION 
Since the drilling and testing of the HGP-A 
geothermal well on the Big Island of Hawaii, the 
Kilauea East Rift Zone has been assumed to have 
the potential of producing approximately 500 
megawatts of electrical energy. Recent 
calculations by Thomas (1987) indicate a 
continuous discharge of approximately 291 
megawatts of thermal energy over a restricted area 
of thermal discharge along 10 kilometers of the 
rift and 1455 megawatts of thermal loss along a 50 
kilometer stretch of the rift zone, which supports 
the assumption of power generation. Dzurisin 
(1981) calculates a magmatic intrusive rate of 
2,800 thermal megawatts into the rift zone, which 
suggests that the energy source is indeed large 
and that the rate of convective heat loss to the 
shallow hydrologic system nearly balances the heat 
recharge for magmatic intrusion. 
The Hawaiian Deep Underwater Cable Program was 
initiated in 1981, as a research and development 
program to explore the technical, environmental 
and financial aspects of a deep water electric 
energy transmission cable system to deliver 
electrical energy from geothermal resources on the 
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Big Island of Hawaii to Oahu, where the State's 
largest population and electrical energy demand 
exist (Sumida, et a1, 1986). This program may 
cost well over a half billion dollars to 
complete. The program is based on the assumption 
that estimated reservoir projections are correct, 
and that 500 megawatts of electricity will be 
available for transmission to Oahu. 
This assumption of power potential may well be 
correct, but, as yet, has not been confirmed by 
further exploration or production drilling. 
Prudence now dictates that geothermal reservoir 
capacity be developed to be more in line with the 
development of the deep underwater cable program. 
Although the HGP-A well has produced in excess 
of two megawatts for a period of approximately 
five years, the Kapoho State 1A well, which was 
drilled by the Puna Geothermal Venture 
approximately a quarter mile to the north, has not 
undergone extended flow testing or production. 
Even though this well evidently has a generating 
capability greater than the HGP-A well, it has 
different reservoir chemistry and flow 
characteristics (Thomas, et a1, 1980; Iovenitti 
and D'Olier, 1985), and has added little 
additional information as to the extent of the 
HGP-A/Kapoho reservoir except in the immediate 
vicinity of the two wells. 
Although most of the Kilauea East Rift Zone, 
and other rift zones associated with active 
volcanoes on the Hawaiian Islands may have 
subsurface temperatures in excess of the 
temperatures necessary to generate electrical 
energy, little or nothing is known of the other 
conditions such as rock porosity and permeability, 
water quantity and quality, and cap rock 
characteristics that are necessary for a reservoir 
to exist. Besides geological mapping and the 
identification of' fractured rift zones, surface 
exploration techniques have proven unreliable in 
the identification of geothermal reservoirs in 
Hawaii. Shallow gradient drilling has proven 
unsuccessful in defining anomalous areas of 
elevated subsurface temperature. even in areas 
over known reservoirs. The only exploration 
technique utilized to date that has been 
successful in the discovery and definition of 
geot~erma1 reservoirs has been the drilling within 
know~ rift zones of production wells to depths in 
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excess of 6,000 feet. These wells are quite 
expensive, and historically have cost more than $2 
mill ion each. 
In the area surrounding the current zone of 
production at the HGP-Asite, exploration drilling 
suggests that nearly all indications of geothermal 
potential including elevated subsurface 
temperature and gradients, rock alteration, 
capping minerals, and reservoir fluid entries have 
been encountered at depths of approximately 4,000 
feet. These depths are well within the 
capabilities of truck mounted diamond drill rigs 
currently operating on the Mainland. Total 
drilling costs utilizing these rigs to depths of 
4,000 feet are approximately $100 per foot, or 
about $400,000 for a 4,000 foot hole -
substantially less than the cost and environmental 
impact of drilling a production size geothermal 
exploration well. 
PROPOSED PROGRAM TO CONFIRM GEOTHERMAL RESOURCES 
IN HAWAI I 
Preliminary geothermal surface exploration 
already has been completed during the work that 
resulted in the Geothermal Resources of Hawaii Map 
(Thomas, et al, 1983). Active volcanoes and 
geothermal heat sources are known, rift zones have 
been identified and mapped, and areas of 
geothermal potential defined. However, the need 
remains to identify subsurface target conditions, 
so that production wells can be located to test 
for the existence of geothermal reservoirs. This 
can be accomplished most economically by drilling 
a number of deep, scientific observation holes in 
and along the known resource area in the Kilauea 
East Rift Zone, and other rift zones associated 
with active or recently active volcanoes, such as 
the Kilauea Southwest Rift Zone, the Mauna Loa 
Southwest Rift Zone, and the Hualalai rifts on the 
Big Island of Hawaii, and the Haleakala Southwest 
Rift Zone on Maui (Figure 1). 
The Hawaii Natural Energy Institute (HNEI), is 
planning a proposed $8.25 million program to 
confirm and stimulate geothermal resource 
development in Hawaii. This program is designed 
to fund the drilling of at least six deep 
geothermal observation holes to test reservoir 
potential in the Kilauea East Rift Zone and other 
areas of geothermal potential that can be 
developed commercially. The program will be more 
practical in nature, rather than totally academic, 
and will emphasize obtaining as much real ground 
truth as possible rather than the collection of 
basic scientific information. An attempt will be 
made to obtain indications of reservoir potential 
utilizing the deep core holes alone. in pairs, or 
in combination with production wells to be drilled 
by private developers. Provisions in the program 
will permit the Noi'i 0 Puna Research Center (PRC) 
to be expanded to provide additional space for 
technical and direct utilization research, and to 
initiate development of pipelines to supply 
adjacent private developments utilizing geothermal 
energy. 
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To initiate a program to encourage and 
stimulate private development of Hawaii's 
geothermal resources, the Department of Business 
and Economic Development (DBED) has awarded a 
$250,000 grant to the University of Hawaii through 
HNEI to drill a scientific observation hole on 
Maui or in one of the other active rifts on the 
Big Island. The 1988 State Legislature funded a 
$3 million program to drill additional geothermal 
observation holes in one or more of the rift 
zones, and expand and improve the research 
capabilities of the PRC. This amount is to be 
matched by $5 million from the private sector in 
the drilling of additional scientific observation 
holes and production wells, and in the support of 
reservoir analysis research. 
The $3 million supplied by the State will fund 
the mobilization and demobilization of a truck 
mounted diamond core drill rig to Hawaii, the 
drilling of core holes on the Big Island and Maul, 
and the expansion of the PRC. The core holes will 
be drilled to a target depth of approximately 
4,000 feet, but will be completed at lesser or 
greater depths depending upon the temperature and 
geologic conditions encountered in the hole. The 
number of holes drilled will depend upon drilling 
conditions and depth of the holes. Assuming 
normal drilling conditions, drilling costs of 
approximately $100 per foot, and hole depths of 
4,000 feet, four holes will be drilled. 
The scientific observation hole that is funded 
by DBED will be integrated into the State 
geothermal confirmation and stimulation drilling 
program to achieve economies and efficiencies by 
combining logistical and administrative 
functions. Depending upon drilling costs and the 
possibility of additional funding from the private 
sector, one or more of the State holes may be 
deepened, or additional holes drilled. 
The $5 million to be provided by the private 
sector will fund the drilling of two geothermal 
production wells at $2 million each, additional 
scientific observation hole(s), and reservoir 
analysis research utilizing slim hole technology. 
The production wells will be drilled with large, 
oil field type drilling rigs, and will be capable 
of producing geothermal fluids commercially. The 
scientific observation holes will be drilled with 
much smaller, truck mounted drilling rigs, and 
will be for observation purposes only. 
PROPOSED PROGRAM FOR PUNA RESEARCH CENTER 
EXPANSION 
The $1 million reserved for geothermal 
technology and direct utilization applications 
will fund basic research technology transfer 
projects, rezoning, and related improvements for 
acquired land near the Puna Research Center. 
These improvements will include the clearing and 
fencing of the new property, connection and 
installation of utilities, road construction, 
i~stallation of geothermal brine and waste water 
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Figure 1. Volcanic Features and Areas with Geothermal Potential on Maui and Hawaii 
(Source: Geothermal Resources of Hawaii, 1983) 
capital improvements. The resulting expansion of 
geothermal research capabilities at the Puna 
Research Center is expected not only to advance 
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geothermal knowledge, technology, and applications 
througpout a wide range of temperatures, but also 
to provide experience in applications unique to 
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tropical climates and oceanic island 
environments. As such, this site will be 
developed to become the test bed for tropical and 
oceanic geothermal research and development. 
BUDGET 
The following summarizes the source of funding 
for the proposed Geothermal Confirmation and 
Stimulation Program: 
Source of Funds Program ($000) 
DBED SOH* Program 250 
State of Hawaii SOH Program 2,000 
PRC Expansion 1,000 
Private Industry SOH Program 550 
Reservoir Research 450 
Private Developers Production Wells 4,000 
Total 8,250 
*Scientific Observation Hole 
PROGRAM SCHEDULE 
Drilling of the scientific observation holes 
will depend upon drill availability and 
permitting, but could commence as early as the 
fall of 1988. Drilling contractors, and State and 
County regulators have already been contacted. 
Drill rigs should be available during early fall, 
and regulators have indicated a willingness to 
expedite this program. Drilling will be scheduled 
on a 24 hour per day - seven days per week basis, 
with an extra crew to provide rotating time-off. 
Assuming a drilling rate of 100 feet per day 
to an average depth of 4,000 feet per well, and 
five days for demobilization and mobilization 
between holes, each scientific observation hole 
should take approximately 45 days to complete. 
Immediately after completion of drilling, and 
before the drill is released to the next hole, the 
holes will be logged and geophysical surveys run 
before inserting tubing for temperature gradient 
and heat flow surveys. Allowing time for the 
geophysical surveys, reservoir injection tests, 
and for crew time-off, each well should take 
approximately two months to finish, for a total 
drilling time of approximately twelve months from 
the arrival of the drill at the first drill site. 
Site clean-up and restoration, and equilibrated 
temperature logging will take an additional four 
months. Assuming that drilling can commenc~ in 
January 1989, the drilling program will be 
completed at the end of April 1990. 
However, considering potential delays 
involving drill availability, permitting of drill 
sites, land access, coordination with developers 
for the drilling of production wells, and 
scheduling of reservoir analysis, the full scope 
of the $8.25 million effort could extend well into 
1991. It is expected, however, that with the 
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general cooperation of the University, the State 
and County Agencies, and the private developers, 
that indications of the geothermal potential for 
the Kilauea East Rift Zone and other areas of 
geothermal potential can be established by mid 
1990. 
Planning for expansion and improvements at the 
Puna Research Center will start in January 1989, 
after acquisition of the donated property is 
completed. Bid solicitation and acceptance, and 
construction of the pipeline will take one year, 
for a total time of 18 months. However, specific 
research projects should be able to start early in 
1990. Close coordination will be maintained with 
DBED and the Natural Energy Laboratory of Hawaii 
throughout the program regarding planning and 
construction, fluid requirements for existing 
electrical generation, the community geothermal 
demonstration projects, and new research on the 
donated property. 
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